INTRODUCTION
It is increasingly recognized that community structure and composition may be used as 42 ecological state indicators (Cairns and Pratt, 1993; Dickens and Graham, 1998; Carlisle et al, 2007) , and the use of biological information to assess ecological quality is currently an active field of research. The development of biologically-based indices of ecological state has become a standard for the assessment of water quality in European countries. The European Water Framework Directive, for instance, requires all surface waters in Europe to have biologically-based water quality indexes in place by 2015 (European Parliament, 2000) . While several tools have been already adopted for the use of invertebrate community composition and structure as ecological state indicators in freshwater ecology in both Europe (Quintana et al, 2006) , and in the US (Barboud et al, 1991 (Barboud et al, , 1999 , the development 51 of these tools is lagging behind for terrestrial ecosystems. Several authors have proposed new methods to evaluate soil quality, based on invertebrate assemblages, particularly the arthropods (Blocksom and Johnson, 2009; Baldigo et al., 2009 ). Some of these methods are based on the information provided by only one taxon (Graham et al., 2009) , while others are based on a general evaluation of the presence and abundance of the soil arthropods (Bardgett and Cook, 1998; Büchs et al., 2003) . Even though diversity is a characteristic that can be used to differentiate ecosystem structure, another important characteristic of a system is the fluctuation in the abundance of its components (Cancela da Fonseca and edaphic communities has a specific role in its specific niche that can hardly be replaced by others present in the system (Lavelle et al., 1997) . Furthermore, soil invertebrate community composition and structure are strongly influenced by soil characteristics and thus, are useful for the development of tools for soil quality assessment (Bardgett, 2005;  Decaëns T, 2010).
The diverse ecosystem services that the edaphic fauna provide, play a crucial role on soil sustainability, and it can have both direct and indirect impacts on soil sustainability. Direct impacts are those where specific organisms affect crop yield immediately. Indirect effects include those provided by soil organisms participating in carbon and nutrient cycles, soil structure modification, and food web interactions that generate ecosystem services that ultimately affect productivity (Barrios, 2007) .
Agriculture has been identified as one of the greatest contributors to the loss of biodiversity due to the large amount of land allocated to this practice (McLaughlin and Mineau, 1995) .
Agricultural activities such as tillage, drainage, crop rotation, grazing, and the intensive use of pesticides and fertilizers, have strong effects on the flora and fauna species found in the soil. However, reduced or no-tillage systems can be useful in terms of maintaining native species populations (McLaughlin and Mineau, 1995) .
Collembolans are one of the most abundant and varied groups among soil organisms, 81 playing a very significant role in nutrient cycling and soil microstructure (Rusek, 1998) .
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They also respond to a variety of environmental and ecological factors, such as changes in been recommended by several authors (Frampton 1997 , Kopeszki 1997 , Van Stralen and Verhoef, 1997 .
The response of the collembola community to changes in the agricultural practices is wideranging, but in general the agricultural soils are expected to have low species richness, including the disappearance of key functional groups (Swift and Anderson, 1993) . In this way, the reduction in biodiversity is usually associated with an increase of management intensity and a general reduction in the environmental heterogeneity (Erwin, 1996) .
This study was performed in the rolling pampas in the Argentine pampean ecoregion (Viglizzo et al., 2004) , one of the most extensive and productive agricultural regions in the world. Since the mid 1970s, this region has suffered an increase in agriculture intensification, characterized by the incorporation of new technology, increased production and development of new forms of changing the use of large numbers of hectares from cattle grazing to agriculture (Viglizzo et al., 2004) .
In this context, the objective of this work was to evaluate the degree of change in the structure of the soil collembolan community as an indicator of the degree of anthropic impact.
MATERIAL AND METHODS
The study was carried out in fields of Chivilcoy (34° 53'49 S, 60°01'09 W, elev, 60 m) and Navarro (34°51'30 S, 59°12'25 W, elev. 43 m), Buenos Aires Province, Argentina. (Fig.1) .
The soils of the sampling sites were all typical Argiudols, order Mollisols, (USDA, 2010) . For each management system, 3 different sites were selected as replicates and in each replicate 3 random samples were taken per sample date. Sampling was performed every three months over a 2 year period.
Samples for the extraction of the collembolans were taken from to the first 0 to 5 cm of soil, following Bardgett et al. (1993), and (Hutson and Veitch, 1983) who found that in a range of upland grassland soils, 92 to 98% of Acari and Collembolans were extracted from the upper 0 to 2 cm soil. From these top 5 centimetres, a pooled 150 cc sample was collected per random sample.
Upon arrival to the laboratory, collembolans were extracted from the soil by flotation, since this method was more efficient for collembola extraction than the Berlesse system (Sandler et al., 2010 ) and later classified to family level (Momo and Falco, 2010) With the data obtained, the index of the degree of change in the biodiversity, proposed by Cancela da Fonseca and Sarkar (1996) was calculated for each soil use, following Cortet et al. 2002 and Mazzoncini et al, 2010. In order to characterize the studied soils, physical (bulk density, electric conductivity, and mechanical resistance), and chemical variables (organic matter content, phosphorus content, total nitrogen, and pH) were analyzed from samples taken at the same moment and from the same sampling places as the collembolans (Table 1) . Microbiological variables (edaphic respiration and nitrogen fixing bacteria activity) were measured as well. 
Index of degree of change of the diversity of ecological systems:
For the calculation of the degree of change of the diversity (Δ) between sites, this formula was used following Cancela da Fonseca and Sarkar (1996) , and Cortet et al (2002): ( The index ranges from -1 to +1, being -1 when the evaluated environment shows lower diversity than the one it is compared to, and +1 when it is higher (See Cortet et al, 2002)
Abundance
A Kruskall-Wallis test was carried out for the abundance of each one of the collembolan families present between environments.
RESULTS

Physico-chemical characterization
The discriminant analysis ( 
Index of degree of change of the diversity between systems:
This procedure calls for the calculation to be made between the three soil uses by pairing them, thus obtaining three indexes of degree of change, according to the methodology proposed by Cortet et al (2002) .
The results of this analysis show that the index of degree of change between the NG and the CG environments is positive, which indicates that the biodiversity of soil collembolans community measured by this index is higher in the CG environment. (Table 2a ).
The index of degree of change between the CG and AG environments is also positive, which indicates that the biodiversity of soil collembolans community measured by this index is higher in the agricultural environment. (Table 2b ). Lastly, the index of degree of change between the grassland and agricultural environments is positive as well, which
indicates that the biodiversity of soil collembolans community measured by this index is higher in the agricultural environment. (Table 2c ).
The degree of change between AG and NG is higher than between AG vs. CG, therefore AG and NG are more separated between each other than AG and CG. These results show that the diversity of soil collembolans community resulted in a range were AG > CG > NG.
Comparison of the abundances between systems
As shown in Fig. 3 , collembolan families behaved differently when their abundances were compared between the studied systems. The Entomobryidae and Katiannidae families were significantly different (P < 0.01) between NG and AG. The three environments showed significant differences for the Hypogastruridae family, being higher in CG, followed by AG, and with NG having the lowest abundance. The Onychiuridae was significantly different between AG and the other two systems, but no differences were found between NG and CG. Isotomidae showed differences between the natural system (NG) and the other two anthropized systems, which were not different from each other.
DISCUSSION AND CONCLUSIONS
The physical and chemical variables are important in the characterization of the edaphic environments. In this sense, the results presented here allow for a clear separation between the soil uses, which are related to management practices, determining changes in the edaphic environment that modulate the fauna's composition and abundance. The increase of nitrogen and phosphorus as a result of fertilization, the changes in the use of the soil water, and the changes in the quality and dynamics of litter inputs are all factors that affect the edaphic fauna and are responsible for the fluctuations in their populations (Burges and Raw, 1971; Pankhurst et al., 1998) . In this way, the changes introduced by agricultural practices determine changes in the amount of resources available to the soil organisms whose distribution and abundance are determined by the availability of food, the texture and porosity of the soil, water retention, and the existence of predators and parasites (Paoletti et al., 1998) .
Disturbance or perturbation of soils is usually expected to depress microarthropod numbers.
Tillage, fire, and pesticide applications typically reduce populations but recovery may be rapid and micro arthropod groups respond differently.
Regarding the abundance data gathered in this study, there are significant differences would be hard to focus on one or a few impact factors such as pesticides, crop rotation, sowing, harvest, fertilization and other factors that are present in different combinations (Paoletti, 1999; Büchs, 2003) . The index of degree of change of the diversity calculated for the different soil uses in this work is a synthetic variable that reflects this integrated response of the biota to the environmental conditions, and allows for the comparison between systems with different soil uses and therefore different anthropic impact.
Work by several authors suggest that intensive agricultural practices tend to reduce collembolan densities (Culik, et al, 2002; Maraun, et al, 2002; Petersen, 2002) . According with these authors, collembolan densities are generally lower in agricultural land than in natural sites (Petersen, 2002 The results of the index of degree of change between the ecological systems analyzed in this study show that the agricultural system, under no-tillage management practices extended over several years have a positive effect on collembolan assemblages, when compared to the other two systems evaluated. Our results do not agree with those found by Cancela da Fonseca and Sarkar (1996) , who found a negative index in their study, which implies a higher global diversity in the uncultivated system when compared to the cultivated one. The positive index of degree of change presented here indicates a higher ecological diversity in the no-tillage agricultural field in comparison to the other two systems. The higher diversity found in the field that is supposed the be the most disturbed, also coincides with the higher abundance of some collembolan families in these fields.
These, somewhat surprising results can be due to the fact that the no-tillage system usually leaves some 15% or more of the harvest residuals on the surface of the soil, diminishing erosion processes (Unger, 1994) , preserving water, as well as adding organic matter to the system. The thick layer of crop residues left on the surface year after year, creates a mulch that keeps temperature variations low and soil humidity high, conditions that favour the development of the soil collembolans communities.
The results of this work show that low impact agricultural practices, which include crop rotation, little use of pesticides, and a high organic matter input may have positive effects on the soil collembolans' community.
One possible explanation for this higher abundance of some collembolan families in the anthropized environment when compared with less disturbed ones, could be that some particular families are better adapted to high disturbance regimes. For collembolans, however, the generalized lack of biological information on the behavior of particular families to different disturbance levels, currently prevents us to reach this conclusion with a high degree of certainty. Therefore, more information needs to be gathered on the biology and particular requirements by collembolans in order to better explain these results.
However, what the results presented in this work clearly show is that the presence, abundance and diversity of collembolan families are useful indicators to assess the degree of anthropic soil disturbance.
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